N

ol

3'J 7.f/"/ _f.‘"’"'v».
L

AK WEATHER SERVIGE
- . TEGHNIGAL REPORT 105-46

| S
L L W |
L -
A
e L
&g LD
“,éfgl&&’ D
(‘f‘*ﬁ g c.)
JULY 1945 v
HEADQUARTERS

CTED B
AIR WEATHER SERVICE DTIS QUALITY INEFE
WASHINGTON, D.G,

DISTRIBUTICON UNLIMITED:
APPROVED FOR PUBLIC RELEASE




HQ 21ST ¥EATH:R SUADRON

2 June 1946

PROSPECTUS
AND PRELIMINARY REPORT
ON AIRCRART ICING
OVHER NORTHYEST HEUROPE

PROGPECTUS:

This nreliminary study of stetlistics on alrcraft ice
accretion over Northwestern Furove 1s the first in a series
of nroposed reports based on observational data taken by 9th
weathar Reconnaissance Squadron (Prov). Flying P-51-B and
P-51-D alrcraft, thls squadron comnleted 1340 successful
tactical weather reconnalssance misslons durlng the perilod
3 June 1944 to 3 May 1945, Thelr routes cover the English :
Channel, Southern North Sea, Northern France, the Low Coun- ‘
tries and Germany west of 13°30' E; flights were made st a ve-
rage altitudes from 5000 to 15,000 feet, but frequently mea-
surement of thick cloud decks took pillots as high as 30,000
feet and down to a few hundred feet above the ground. The
large majority of these observations were made by experienced
reconnalssance pilots and provide an accurate, detalld three-
dimensional description of visual meteorologlcal conditions
over the area., Elements observed include measured altltudes
of low and middle, estimated altitudes of high clouds, visil-
bilities a2loft and to the ground, precipltation, icing, tur-
bulence and condensbitiom: trails,

The reconnalsssance flights probide a unique source o
data for meteorological research in sufficlently large quan=-
titlies to insure mederate statistical accuracy. Several spe-
cific investigations have suggested themselves to the writer
in additlon to the present summary of icing stutistics, whilch
will be supnlemented by a »aper on the forecasting of alr-
craft icing in Northwestern Eurone, describins iclng condi-
tions to be expected on the basis of synoptlc situation, tem-
perature lapse rate snd similar Informatlon. Oter among
these toplcs are:

1. The #elation between actuasl cloud structure and the
elements of ‘he radiosonde ascent, base’ on:a large number of
observations in close nroximlity to actual balloon runs.

2. The averag: structure of different types of fronts and
frontal svstems occurring over Northwest Europe.
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3« The structure of decks of "North Sea stratocumulus”
as related to the vertical distribution of temperature snd
molisture in the alr mass,

4. The orozranhlc effects of the mountains of Western
Goarmany on different tyoes of nirflow.

5. A study of turhulence similar to the one on icing.

©. A study of condenstion trails,

A considerable contrilbution to the accuracy of some of
the above work can be ¢sined by coordinating tie observ-tions
of Jth Weather Reconnalssancée Squadron (Prov) with higher level
reconnalssance d ne over the same area by the Mosquito squa-
dron of 325th Phot Reconnaissanc~ Wing, Eighth Alr Forces.
Made »nr ncipally between 20,000 and 30,000 feet, their flights
can provide valuable information on 2ltitudes of high cloud
and tops of stronger frontal systems; they would similarly
add much to any study of condensation tralls or sumer icing.

PHELIMINARY REPORT ON AIRCRAFT ICING
OVER NORTHWEST EUROPT:

The data »nresented bslow on alrcref' 1ce ncecretion is
the result of study of 1340 flights made by.‘9th Weather Rdocon-
naissance Squadron (Prov) June 1944 to May k945, of which 307
reported one or more instances of lcing. Breakdown by sea-
sons 1s presented; a further breakdown into months is not
congidered vsluable, becsuse the relatively small number of
observatlions detruacts from statistlcal accuracy.

Certaln reservations must be made to the ab:olute accu-
racy of the flgures on tyne and lntensity of lcing. These
observations were made by experienced fighter rllots, flying
alreraft which crulses at between 290 and 300 mph true air-

~speed. The icing usually occurred during a short neriod of
fligh®t In cloud or while ascending or descendlnz, The inten-
sities glven are necesssrjly not based on any quantitative
measurement of accretion and reflect, to the extent they have
not been eliminatied by the writer, the blases of individuals.
The only sisznizicant tendercy, If any, ia for nllots to over-
estimate the degree of icins. The intensitles given conform
falrly well to defihitions apnearing in Arm: Air Forces Train-
ing Ianuals on aircraft icing: 1isht leinz 1s such that it
can be readlly hendled by de~icing equinment but neces-
slt~tes an cventual change of flight plan to avoid the con-
dition, heavy iclng 1s such thet Lt csnnot be hadled by de-
leins equl 'ment, However, the P=51 has no wing or propeller
de-lcérs or anti-icers, and its onlv safe escape from hazard-
ous icing 1s to c¢limb or descend rapldly away from the con-
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dition. The German training manuel Verelsung, D(Luft)1209
states th»t heavy icing ls an increase In the 1lce coating

of =2bout one centlmeter in five minutes, and this is as close
to 2 quantitative estimate as we can come.

The greatest onarstional significance of the work of 9th
Weather Reconnaissance Sauadron (Prov) 1s that it was done
entirely in sinzgle-enslne fizhter aireraft. An inordinate dis-
trust of icinz condlitlons seems to have hrown up among many
fighter »ilots in the kuronean Theater of Operations, even to
the polnt of avolding any instrument flicht whateter. This
feer was enhanced by ths statement of theorists that ice ac-
cretion increases in direct nronortion to sirspeed, a claim
which these observations tend nariially to disorove. Desope
these objedtions, pilots of tne weather reconnaissance squa-
dron flew instruments on more th'n 90 per cent of all their
1340 missions, yet only three cases occurred of an alrcraft
being forced to turn orck or 1land because of Icing. No losses
or damage of planes have ever been even indlrectly attribu-

table to iclng. Furthermore, substrantially more cases of flight

in cloud above the icini; level without any 1icing at all were
reported than cases wilth lcing. Of 211 icing encountered, 85.6
per cent of the 2Znstances were li-ut rime, light clear or
moderate rime, tynes which by the statement of pllots them-
selves offer 1llttle or no hazard.

Certaln general conclusions can be seiftly drqwn from
the data presented below:

1. Icing 1s worst during Winter and S»oring seasons, with
maxima in November and January. <4cing 1s an almost negligibel
at nltitudes from the surface to 1,,000 feet during Summer
months. This ¥ partly because te clouds over Europe in Sum-
mer are largely convective type, 1s olated and easily avoided.
Also the Summer of 1944 averaged conslderably below tie maan
sannual cloud cover,

2. Rime 1lcing predominates in the ratio of flve-to-one,
and more dangerous clear icing 1s almost confined to
cunulonimbus, bulging cumulus and nimbostratus (freezing rain)
clouds. This is 1n agreement with theory that clear icing
occurs only with la rge supercooled water droplets,

3. Rime 1cing 1s especlally predominate in Winter, when
strong convectlve clouds are rare over land.

4, In stratocumulus, altocumulus and middle t-.pe 7 (Ac
and As) clouds, rime icins occurs almost exclusively (90-

97 per cent), with innocuoous 1lighit and moderate rime predom-
insting in the last two.

5. Dangerous icinz 1is slmost a certainty above tie
freezing level in dumulonimbus, The icing danger in cumulus
increases with the covectlive activity and attendant drop
size,
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6. There 1s only one chance in six of getting any icing
in altostratus cloud, almost no chance in stratus, and less
than a 50 ner cent chance in stratocumulus, altocumulus and
middle tyve 7. Flight through active sltocumulus castellestus
1s res-onsible for the cases of moderate clear and heavy rime
in altocwnulus .

8. The cloud t,pes in order of decreasing icing hagard
arc: cumlobimbus, nimbostratus (freezing rain), bulging cumu-
lus, cwnulus humilis, altocumulus, stratocumulus, middle type
7 (ususlly thin), altostratus and stratus., No icing is to be
expected in the nure ice crystal (cirroform) clouds, excent
in cumulonimbus anvil tops,

TOTAL DATA (June 1944 =~ May 1.45)

Total Missions: 1340

Icin~ Reonbrted: 307 - 22,9%
Uncertain: 49 3.7%
No Iclng: 984 73.4%

Lisht Moderate Heavy

Rime
Clear

A

By Cloud Type:

St S¢ Cu Cb Ns As Ac M7

Light Rime 0O 57 35 0 11 9 49 30
Modt., Rime 0 30 11 2 11 4 20 5
Others:L.C 5 15 1 2 5 1

M.C 10 2 1l 3

H,.C 3 2 3

H.R S5 8 2 3 3 1l
Times alrcraft flew in cloud above
freezi ng level without icing : 364

Cloud Type : St Sc Cu Ns Ac M7 As
Occurrences: 8 114 19 3 88 47 85
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"OMTH:  Jan. Feb Mar. Apr. May June
Totel Missions: 35 113 142 149 it 178
Icing Reported: 34 30 49 52 13
Percentape: 40% 274 35,  35% 7%
Oct. Yov, Dec.
59 94 122
18 37 47
314 395 327
SPHING (March, Anril, 1-2 May 1945)
Total Misslons: 302
Icing Renorted: 109 - 36.14%
Tncertain: 5 .73
No Icing: 188 62.2%
Light Modersate Heavy
Rime 0o 19 9
Clear 11 10 2
By cloud tyne:
St 3¢ Cu Cb Ns As Ac M7
Lizht Rime 01512 0 2 2 30 @&
Modt. Rime 0O 7 7 2 0 0 3 1
Other: L.C. 2 7 2
M.C. 8 1 1
H.C. 1 1
H.R. 2 3 1 1 1 1
Times aircraft flew in cloud above
freezing level wlthout icing ¢ 83
Cloud Type : St Sc¢c Cu Ns As Ac M7
Occurrencses: 1 20 4 1 18 27 1¢2

SUMMER (June, July, Auzust 1344)

Total Mlissions:
Icing Reported:
Uncertain:
No Icing:

489
23 - 4,7%
29 - 5.97%

437 -89.4%

9y

July Aug. Sep/
183 128 7o

7 39

4% 2,49 127




__ Li=ht lederate _ Heavy
Rime 11 7 0
7lear z 1 2
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3y Cloud Type:

3t S¢ Cu Cb Ns As Ac M7 13

Lizht Rime 9 $) 3 0 2 0 1 1l i
Modt. Rime 0 1 0 0 4 1 1 0 -
Other: L.C. 2 t
M.Ca 1 i

4.C. 1 1 !

H.R. 4

Times aircraft flew In cloud above
freezine level without leclng s 117

t 8¢ Cu Ns As Ac M7
2 23 ') 2 37 32 15

S

Cloud Tyve :
QOccurrences:

FALL (Sentember, October, November 1244)

Total Misslons: 229

Icing Reported: 64 = 28.0%
Uncertain: 4 - 1.7%
No Icing: 161 = 70.3%

Light Moderate Heavy
Rime 31 14 4
Clear 12 2 3

By Cloud Type:

St S¢ Cu Cb Ns As Ac M7

Light Rime O 10 8 0 2 3 5 5
Modt. Rime O 4 0 0 5 0 © 0
Other: L.C. 2 4 1 1 3 1,

M.C 1 1

H.C. 1 1 1

H.R. 1 1 1 1
Times aircraft flew in cloud above
freezing level without icing s 71
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Occurrences

Cloud Tyne ¢ St Sc¢c Cu Ns As Ac M7

0 28 5] O 20 17 3

R (Decomber 1944, January, February 1945)

Total Missions: 320

Icing Reported: 111 - 34,73
Uncertain: 11 - 3.4,
No Icing: 198 - 61.97%

Light llodergte Heavy
Rime 08 53 10
Clear O 6] 1

By Cloud Type:

St Sec Cu Cb Ns As Ac M7
Light Rime 0 20 12 0 5 4 13 16

Modt. Rime 0O 18 4 0 2 3 10 4
Other: L.C 1 2 1

M.C. 1 1 1

H.C. o 1 .

H.R, 2 1 1 1 1
Times sircraft flew in cloud above
freezing level without icing : 93

Cloud Type : St Sc¢ Cu Ns As Ac M7
Occurrences: 5 43 © 0O 10 12 17

s/Holt Ashley
t/HOLT A3HLEY
lst Lt. ) AC’
Weather Officer
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Part I: Analgsis of 1340 Weather Recommalssance Flirhts, June
1944 = ¥ay, 1945.) - L
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KJ General Remarks.
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The dota presented here on aircraft ice accretion are the
rasult of a study of flights mgade by 9th weatner ?Reconnaissance
3quadron (Prov), of which 3U7vreported one or more ingstances
of leinr. Jlvine g=51-3 and p=51l-D airplenes, this squadron
completed 13540 suceesful tactical vioathar reconnalssance migs-
ions durang the period & June 1944 %o 4 lny 1245. Thelr routes
covsr the nelish Channel, Jouthern Horth Sea, Norther France,
the Low Countries and Germany west of 130 30' E. Flights wers
made -t average nltitudes from 5000 to 15,000 feet, but fre-
quently measurement of thirk cloud dacks took pilots as high
as 50,000 fret and dowvn to a few hundred [eet bove the ground.
fhae large majorlty of these observations were made b7 expsr-
jenced reconnaissance pilots and nrovide a deteiled three-dl-
mensionnl dexcription of the visual meteorologlcal conditions
over the nrea covered. .loments observed include measured al-
titudes of low and middlas, catimated altlt:des of high clouds,
visibllity »~loft and to the ground, precipitation, ieing, tur-
bulence and condensation tr,ils.

1t 1s felt that several limitations exist to the absolute
accuracy and general usefulness of these icing data, and these
should be listed before launching upon a detalled analysis:

n. The data are for o period of only one year. Although
breakdown by seasons is presented, 1t 13 employed for stetistical
cenvenience rather than to emphasi,e dlflerences. Thus, the

_total fipures on icing rel-ted to fronts, cloud structure, etc,

are more valuable than monthly or seasonal sums.

b. the pllots were not weather officers; although their
experisnce level was higl, their training wag limited. At best,
an+ icing observations will be nffected by personal considera-
t3ons nnd arse not susceptibls of curntltative measurement.

c. Unly ohe type of aircraft was emplo ed. lixperiencs

1th icing indicates considerable varation of intensity with
the =irfoil. unis diffecrence wmay be even moroe significant
than the relativc increase ol .ce accretlon with increase in
rirspeed.
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de Tue hlgh nirspeed of the r~51 (290 to 300 true,
ernlsing around 10,000 foet) and the natural desire to avoid
icing situations combined o 1inmit tre time of flight in any
particular condition. .hils rapid passare through cloud made
mood estimates of degree of icing very difficult. Also many
pilots tend to oversstimate ieing as a result or early weatiwrp
vraining,

o balance the above limitations, three facts tend to en-
hsnee 'he value of the datn nracentad:

e e lirpe nuuber of misgsions flovm in arproximately
the sane manner over ths s.me area contributes the aedventage
of higlh statiatical accuracy to the results. por exmrple, 1f
21l disturbing factors ars oliminated pside fron pure chance,
t'is nrobable error in thne chances of 307/1540 that any one -
such =lssion will encounter icing is leas than four per cent,”®

b, The pilots were oll tranined in weather by the same
rersonnal and according to tha same outline. Standards of ob-
servatlon were pasacd from pillot to pilot by a process of hav-
ing new men fly wing on tholr first missions. Only relia-
ble, ex erienced pilots were perniitted to lead flights regu-
lrrly. PFurthermora, the writer has tried to adjust sorie of the
observations to a more level standard sccordine to hile personal

experience with the pileot~ involved,
ce All miszlons were Tlovn in the ssme type of sxircraf’t,.

nrovlidine the results with internsl continuit s,

The preatest operational significence of the work of @th
“enther Reconnelssance 3qundron (Prov) is that 1t was done en-
tirely in singl-enpine fip ter a rcralft. An undue fear of ieing
conditiona seems to have grouwn up wong rmany fiphter pllots in
the Zuropesan Theator of tperationg, gven to the point of avoi-
ding any instrument £1icbt whetovapr.- Deaplte these objedticons,
nllots of the weather reconnalssance s adron flew instruments
on rore than 90 per ecent of a1l their 1340 missions, yet only
threec cases occurred of an aircralt being forced to turn back
or lend becauee of ilcinr. To 1nsses op damage of plenes huve
ever been even indirectly attrlvuted to icings More cases oce-
cuvrad of flvinm in cloud nhove the fregzing level withou
feins than cases of icin-. OF all icing encouterd, 85H.6 rar

cent of the instances were 1ight rine, lisht clear or moderote
rime, types which b+ the astntaomernt of pilots themselves offer
little or no hazard.




Be Annlysis of Tables.

A nuber of general conclusions can swiftly be drawn from
the tables presented velow. Althourh many of these are obviou
unon inspection, it l1ls feclt vnluable to zummarize them and
‘point out, from experiencs, any especially significant or
fetracting factors involved. The reader ic referred to the
limitations set forth above 2z a deterrent from blind accep-
tence o7 these rs3aults as bruo Iin the reneral case

from thae det: on totsl iecling reported and icinp by ecloud
tirns, the following facts are s-marent:

a. The experiences of tiese pilots indicate that icing

is worat during winter and s»rine months, with maxima in
UOVember, Necember and Januarye. Icins is least prevalent, or
rather most easlly avoided, in sumer.

be. Rine leing predominates in the ratio of five-to-
one, and tre more danseroug clear icing 1s almost confined
to cumulonlimbus, bulsing cumulus snd nimbostratus (freezing
rain) elo:ds. This 1s 1in agroement with teory that clear icing
oeccurs only with large supercooled w:iter drphorets.

ce Rime lecing is eapecially predominate in winter.
when strong convective clouds sre rare over land away from
Immediate seacoastse

de In stratocunulus, sltocumulus and middle type seven
(Ac and As) clouds, rime icline occurs »Ilmost exclusively (90-
97 per cont), with innocuous llght and moderate rime prevail-
ing In the last two.

8. Dangerous ic.mg 1s salmost a certainty above the free -
ing level in curulolimbus; the leing danger in cumulus lncreas-
es with the convectlve ~ctivity end attendant drop Qize.

f+ There 1ls only one case In six indicntnd here of getting
icing in altostratus cloud, almost no charce in-stratus,
and less tihan a 50 per cent chsnce in stratocumulus, altocu-
mulus -nd middle type seven(Ac nnd As)e 1licht through active
»ltocumulus castellatus snd cloud as.oclated with spring and
summer hirh level thunderstorm activlity 1s responsible for the
cases of moderate clear and honavy rime in altocumulus.

ze The clond tyres iIn order of decreasing icing hagard
are: cumulonimbus, ninmbostratng (free-ineg rain), bulging cumu-
lus, cumulus humills, altocwmlus, stratocuwmilus, middle type
seven, altostratus and.stratus. No icing i1s to be expected in
the pure ice erystal (cirroform) clouds, except in curmulonim-
bus anvil topese

Trom da.g on leing in fronts the following facts are
apnarent:

a. The experiences of Lisse pilots Indicate that there
is no significant increase in the icing danger in frontal cloud
over that in pure alr mass cloud, excent of course that the




former 1a harder to avoid. Dangerous ieing (heavy rime, noder-
Atas clear, heavy clear) was encou ‘tered in 16 per cent of the
116 cases in fronts; it wag encounter:d in 14 per cent of the
710 cases in sir mpss cloud.

b, Te srentest Crontnl leing dang r occurs in two
dituations: 'n the overrunning cloud snd attendant Treezing
rain of active warm fronts, sand in the massed cumulonimbus and
nimb>oatratus clouds of active cold front type occlusions,

ce 0 front mayv be safely assumed free of hazardous
izin=, except possibly inectiva miasi=stationaries. Cold fronts
"ncounteresd were less dangserous than wern and ocecluded types.

“rom the datn on leins related to air mass the following
facts are ppnarent: .

8. The experiences of these pllots indicate a closer
correlation between alp riass type, tne oeccurrence of lecing,
and the occurrence of ha-ardous icing.

be Icing 18 olmo t limited to air mas:es of maritime
ori=in, which predomira te in a large ratio in Northwest Eur-
lpe. This observation 1s in agreement with authors on the sub-
Ject.

c. Dangerous fcinc is present to a much higher degree
In unstable aip nasses, with their acsoelated strongly con-
vective clouds. The 1lar eat fraction of ceses of heavy rine, i
roderate clear and heavy clenr 1s 95 out of 135 in unstable . :
mrka; next comes unstable maritime tropical with eight out of [
40; unstable muwa (common over 1snd in winter) is third with
seven out of 45,

de Rime lecing is the normal sltuation ih stable mari-
time »~1ip masses; only five eases of dangerous ilcing were report-
od out of 89 encounters in such air,

. Icing in continentanl aiv wis reported too infre-
auently to make senerali n~tions. Tje case of heavy clear icing
in unstable continent-l tropical of African origin occurred
in an afternoon eumulonimbus, This air was modified by some
addition of moisture during a short trnjectory over the Medi-
terranesn 3Sea,

fo Te final subseripts in air mass designations are
tranalated as follows: a, of Atlantic origin; b. of continent-
al uropean orirsin: afy of African oricin.

some explanation of the table on leing related to stabi-
lity and relative humidity is in order. For each case 1t wan
attempted to find the radlosonde® observation best represent-
ting the column of air in which the icing was encountered. ‘The
icing laver was then investigated to ascertain the avege re-
lative mnidity code flgure, thua dividing the cases into
celnzges of widtk +an ner cent each below 90 per cent and five:

ner cent eacit gBgwe 90 per cente  Secondly it was estimatdd whe-
thor the icing layer had nn avnroximately moist adiabatic

: ‘I’




lapse rate, was definitely more stgble, or definitely more un-
stable than molst adlebatic. From this data the following
fncts are rpparent:

a. The experiences of these pilots indlcate that, ~lthough
anturated atmospheric layers of great instability are rare over
Yorthwest Turope, where they do occurse below free,ing tempera-
tures dangerous icing ia rlmost a certainty.

b. Teine in definitely stable lavers is usually not
hazardous. Only four caaes of dangerous icing occurred out of
¢7 f1lirhts in such air, all of them heavy rime,

¢. Icing danger increases with higher relative huml-
alty, as idicated by radiosonds ohssrvations. Deangerous iclng

1g rare helow 90 per cent; onlw light ilcing was met below O
per cente

In associction with the r~diosonde investlgation, the te-
peratura nt which epch caze of icing tooir place was determined.
The -ost intersstine fact dilscovered is tint of 47 cases of dan-
marons icine only fiv~ occurred at temperatures below -10° C.
(149 #.). Of these ocascs,four heavy rime and one heavy clear,
nll but one were in strong convective cloud in an unstable
meritime olr masse The eavy clear was met ne:r =-20° C. in
cunmulonimbus of an active cold front type occluslon., These
facts confira the statements of some authors regarding telatlive
snfety from danpgerous lecing at temperatures far below freezing.®
Two cases of 1lirht rime wele reported in stratocumulus over-
cnsts at_temperatures contirmed to be above freezing (betwsen
09 and 2° C.). These offer proof of lclMeal's suggestion? that
light lce can_ occur through evarorational ccoling in cloud up
to about 45.6 F. Considering the hipgh cruising speed of the
pP-51, they indlecate that th~ agssumption of an effective in-
crease in the helpght of the freezing level due to dynamlc warm-
ing of air passing over the winra 1s probably fallaclous.

S My S SR A A -3 e TR e e oA i oty S ety -

G s

Ce Tables
PemsT, DATA (June 1244 ~ iloy 1945

Total Missions: 1340

TIcing Reported: 307 = 22497
Uncertain: 49 = 3,77
Yo Teing: 984 = 73.47%
Light lroderate Heavy
Rime T76 (54.05) 7% oo A%) =3 (T-1%)_
Clear 30 ((9.24) 16 ( 4.9%) 8 _(_2.43%)




P0TAL DATA (continued)

ny Cloud Tyne:

3t Sc¢ Cu 7 Ns As Ac M7
Licht Rime 0O 57 35 0 11 9 49 30O
Hodt. Rime 0 30 11 2 11 4 20 5
Other: L.C. 5 15 1 2 5 1
H.0C. 10 > 1 3
H.C% K 3 2 3
H.R. 5 8 2 3 3 1
Times sircraft flew in cloud above
frecging level without lelng s 364
Cloud Type ¢ 3t Ge Cu Ns As Ac N7
Occurrsnces: 8 114 19 3 85 g8 47
] Teing not in Front: 210 (64.4%)
; Ii%gﬁ Noderate Heavy
3 Rime R a8 1o
= Clesar 21 11 2
? A Tcing in Front: 116 (35.67)
L.R. M.R. H.R. L.C. M.C. H.C. Total
weak CJP. 9 7 0 1 1 0 18
Modte C.i. 10 2 0 4 1 1l 13
z 3trong C.F. 0 1 0 0 0 0 1l
Weak Ve 17 4 4 0 0 0 25
Modt. VI.F. 11 1 2 2 2 2 20
strong W.F. 1 0 0 0 0 0 1
Weak  Occ. 4 4 1 0 1l 0 10
g yodt. Occ. 8 6 1 1 0 1 17
g 3trong Occ. 0 U 0 0 0 2 2
4 statlonary 3 0 0 1 0 0 4
§ Total: 63 25 8 9 5 6 116
g Dangerous Icing Cases below -10° C.: 6 out of 47 (13%)
lHeavy Rime Modt. Clear Heavy Clear
5 0 1l




TOTAT, DATA (continued)

Probsble A Mass:

L.R. M.R. H.R. L.C. M.C. H,0. Total
Unsteble mPka 70 28 13 12 9 3 138
3table mPka 10 5 0 T2 0 ¢ 17
Unstable mPwa 20 13 6 ) 1 0 45
Stable mPwa 41 13 2 4 3 0 68
Imstable mT-a 21 8 e 3 2 4 40
“table mT-a 3 0 0 1 0 0 4
Unstable cPke 0 0] 0 1 0 0 1
Stable ¢Pke 0 0 0 1 0 0 1
IInstable cPwe 3 0 0 0] 1 0 4
Stable cPwe 1 0 0 0 0 0 1
Unstable cTwaf 3 1 0 0 U 1 5
3table cTwaf 4 0 0 1 0] 0 5
Total: 176 73 23 30 16 8 326

Icing Related to Radiosonde: 228 (November 1944 - May 1945)

L.R. M.R. H.R. L.C., M.C. H.C. Total

M.A. 0 1 4 1 5 1 12
M.A. 85 54 9 11 9 1 149
M.A. 42 18 4 3 0 o 67
R.H. O 43 19 9 7 9 2 89
R.H. 9 56 28 6 6 4 0 100
R.H. 8 22 b 2 1 1 0o 32
R.H. 7 4 0 0 1 0 0 5
ReHoe 7 2 0 0 0 0 0 2
Total: 127 53 17 15 14 2 228

MONTH: Jan. Feb. Mar. Apr. May June July Aug. Sept.

Total Missions: 85 113 142 149 * 178 183 128 76
Icing Reported: 34 30 49 52 13 7 3 9

Percentage:  40%  27%  35%  35% 7% 4% 2.4% 124
Oct. RNov Dec. '
59 94 122 #*0nly 11 missions flown,
18 37 47
314  39% 384




SPRINT (March, Anril, 1-3 May 1945)

Total Missions: 302
Icing Reported: 109 - 36.1x
Uncertain: 5 - 1.7
Ho Icing: 188 = 62.2)

[N N

DA

xf“; Light Modaerats Heavy
Rime 66 19 2
Clear 11 10 <

Times aircraft flew in cloud above

freezing level without lcing s 83
st R (June, July, August 1944)

Total Misslons: 4893
Icing Reported: 23 - 4.7%

Uncertain: 29 = D5H.9h

No Icing: 437 - 89.4%
Lizht Moderate Heavy
Rime i1 7 0
Clear < 1 2
Times aircra’t flew In cloud above
freezing level wlthout lcing $117
FALL (September, Octobdy lovember 1944)

Total Missions: 229
Icing Reported: 64 = 4.7%

Uncertain: 4 - 5,9%

No Icing ¢ 161 - 39.45

Light Moderate Heavy

Rlme 31 14 4
Clear 12 2 3
Times alrecraft flew in cloud above
freezing level wlithout lcing : 71




WINTER (December 1944, January, February 1945)

Total Mlsslons:

Icing Revorted: - 34,7%
Uncertain: - 3.4%
No Icing: - 61.9%

Light Moderate Heavy
Rime 68 33 10
Clear 5] ] 1

Times aircraft flew 1n cloud above
freezing level without icing ¢ 93




Part II: The Forecasting of Airceaft Icing.

Alrcraft ice accretion is the greatest weather hazard to
regularly scheduled flight oneration. 1Its primary danger does
not lie, as blieved by many, in the widespread occurrence of
icing in dangerous form, but rather in the difficulty of ac-
curately forecasting the type and degree to be expected.

Fart II of this studv has been nrenared to supplement and
intezrate the objective rasults on lcing presented in Par I.

The conclusions drawn herein are based in part on the writerts
experience in lce forecasting for Northwest Europe, in part on
facts and suggestlons obtalned from discussions and resding on
the subject and in »art on the materlal summarized in Part I.

The baslic nroblem of an 1icing forecast is twofold: first,
whers 1n the atmosphere will water clouds or vrecipitation
occur at tempersaiures below approximately 00 C.? second, what
will be the range of dronlet sizes and the total quantlity of
condensed myisture in these clouds? The first sanswer estas
blishes the nossibility of an lcing situation, the second
7ives a good indication of whether or not the icing sctually
will occur and what will be 1its type and desgree. - The problem
of cloud and temperatuee forecastingz is a common and general
one, so one must concentrate on the more difficult second ques- -
tlon to forecast icing. 1In general, with a given type of air- e
craft, the degree of icing(light, moderate, heavy) will vary
directyly wlth the quantity of condensed moisture per unit vol-
ume; the type (rime, clear) will derend on the predominant
droplet slize. The larger the droplets, the more likely they
are to break on impact wlth the aircraft and form clegr icing.

To avold non-essentials,' the oroblems of usually light frost
and rare melting-snow ice will be omitted; also 1t is assumed
that the reader realizes rime snd clear icing can exist in
all degrees of combination.

The drop size in a siven cloud depends on the strength
of vertlcal currents available to support larger drops and ,
on the length of time the cloud has existed., The quantity of con-
densed molsture depends, among othsr complex factors, on the
temnersture and the length of time s source of fresh molsture
or added condensation has been able to feed additional or lar-
ger drops 1Into the cloud. Thus 1t 1s seen that 0ld and active-
ly convectlve clouds are theoretically the source of most dan-
g rous alrcraft icing. :

Such 1s the case in Northwest Europe, and two general
synoptics sltuations often occur in which such bad icing may

rected:
be expea. During the winter half-year (October through Marc?)
with a west-northwest to north:rly flow of cold unstable merli-
time alr across the North Sea, & mass of active cumulus and cu~
mulonimbus clouds, extending with strong convection to heights

-
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of 15,000-25,000 feet, 1s bullt up. Such clouds appear to reach
300 mlles inland durilng the day before losing most of their
Intensity. Often such an alr mass has already had a long tra-
Jectory across the North Atlantic Drift before reaching the ad-
ded convective impulse of the relatively warm North Sea. These
clouds are hard to avold, narticularly at night, and are usu-
ally a source of heavy rime and/or dancerous clesr icing above
their verv low free,ing levels.
bs During the late soring and summer months (April

through August), a protracted southwest to south-southeasterly
flow floods Northwest Europe with a mass of very warm, fairly
stoble air, always tronical in orizin and subject to varying
dezrees ot maritime Influence. With the avnroach of a low from
the west or southwest such alr undergoes a decrease of stab-
1114y, which progregses from hirh level down to the surface:
where it 1s greatly enhanced by afternoon heating from the
strong seas-nal insolstlon. With the approach of a fast-moving
c~1d front (or cold front tyoe occlusion) from the northwest,
the convectlive instability of the tronical alr is violently
released. In either cese, that of the low or that of the cold
front, the result is the formation first of alto cumulus cas-
tellatus, then of strong cumulonimbus clouds and thunder-
storms. Such clouds do not have the age vut they definitely
have the c¢ onvetion to produce very dangerous icilng. The air
mass cumulonimbus are falrly easlily avoided in daylight; the
cold-frontal cloud wass ls almost impossible to avoid in flight,
and severe turbulence renders such a sit:ation danzerous even
below the ffeezing level.

The one important source of dangerous icing which does
not depend on convectlon and to nroduce it, The fact is that
strong alr mass discontinuities and sharp frontal inversions
are very rare in Europe. However, freesing rain or zlagze situ-
ations sometimes occur over small areas. The conditlons sre a
southwesterly or 'southerly flow of maritime of continental po-
lar air overrun by marltime trovical air from a warm front or
occlusion avproaching from a westerly quadrant or from waves
forming on a quasi-stationary in the area. The worst icing 1is
moderate or heavy clear end is nearly always met within the
overrunning mT rather than below the frontal inversion. Often
the release ol convective instability in the mT 1s a contri-
buting factor. In all the above forecasting 1t must be borne
iIn mind that orographlc influences slways increase ‘icins dan-
zer,

Before continuing a dlscussion of s'noptic situations,
some remarks are in order about the temper..ture effect on
lcing intensitr., As we pointed out in Part I, except in
actively convective clouds hazardous icing is a rarity below
-10° C. The most dangerous cases of such cnnvectlive cloud for-
matlon have heen mentioned sbove; anyforecaster can redall
a few ot~ers after a study of European westher, Excluding these
situations, some “interesting conclusions can be drawn concern-
inn levers of lcing hazard, Assuming a moist adlabatlic lanse
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rate in cloud the laver from 0® to -10° GC. ranges around4500-—.
5500 feet In thickness. This mecans that 1n a large majority of
cagses the layer of dangerous lcing 1s less than 5500 feet
thick, 1In stronp warm-frontal overrunning, such as that des-
cribed above, the lanse rate 1s much stabler than mois t adia-
b:tle, nnd the dangerous icins laver may be un to 10000 feet
thick, 1In other situations where cloud occurs in ailr more sta-
ble than molist adiabatlc, observations such as those in part
one demonstrate that llttle or no lcing iIs ususlly the case.
Thus an =2irnlans ~ith a 3ocd rate of climb can very often as-
cend ranidly through the leiny layer wlthout gathering a dan-
gerously thick coating, Thls brings us to = very importent orin-
cinle: 1t 1ls morse fruiiful in the lonz run to be able to fore-
cast with assurance the absence of dsngerous lcing or the man-
ner of avolding 1t, than 1t 1s t be pre ared with an ominous
warninz every time tner i3 the sllghtest possibility of such
n nacard.

wlth that thought tn minil, the followling summary 1s »nre-
sentad of certaln synontlc e nd cloud sltuations when lecing 1is
not the haz:rd it ls believed bt somc to be:

a. 2 fteon during the winter half-year the same sort of
northerly to westerly flow of cold alr as described above oc-
curs onto the Luropenn continent from the North Sea, excopt
thet the alr 1s under anticyclonic influence and exglbits sub-
sidence and a definite dry Inversion somewhere between 4000
and 10,000 feet., The normal sitiva.ion here ls an overcast o
stratus or stratocumulus cloud., It 18 often in two dlstinct
lsyers, but the total vertical thickness 1s seldom more than
5000 feet. If the trajectory has been westerly enough to
pnss over Ensland or the Frenc neningulas the stratocumulus
is broken. The usunl icing condicion is innocuous light or
modernate rime. With lavers less thon 1500 feet thick ther 1is
rarely ant iclneg at all. It 1s the wrlter's bellef that cases
of heavy rime report~d in thls cloud are caused by protracted
flight in 1t, which nermits consliderable accumulation. Occa-
slonally the problem 1s complicated br the presence of a few
cunulus columns inclde the strotocumilug, where the icinz is
locnlly more severae,

b, Throughout the year many cases occur in Northwect
tarone of weak gtationary fronts snd thne nassage of dlssi-
pating ends of warm and occluded fronts. These are accompan-
led by 1little or no orecinitation., They consist of many rela-
tively thin, broken layers of stratocumuluns and eltocumulus,
often with altostratus or haze between layers. Except in very
laolated n==ches of freezinpg rain, these fronts do not consti-
tute a source of hazardous .cing., ''he maximum forecast should
be for moderste rime, with no icing at temperatures below -15° GC.

’ ‘
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2. Throughout the Tear senbtered to broken cumulus
humilis and small bulzlny cwaulus very frequently form bet-
wern 1100 and 1900 hours in varlons maritime alr masses., The
dangerous icing in these clouds is conflned %o their tops,
especially with a fairly hish freezing level. 1In these tops
1t is usually moderate clear, heavy rime or mixtures, The
forecast should be to avold the cumius topes, which 1s easily
Jone. Even with 1isnlated towerin- cumulus ahd cumulonimbus
davlimi flights can be cleared perfectlyv safely wlth this
WEIPTILIN T

Finell , the followini; common cloud situatlons are men-
tioned, in rhich most forecasters #.11 arree the itcling hazard
1e small to nesligible:

a. Throughout the ve-r and with almost any wind direc-
1., coversence and radiatlon effects conbine tn produce
varions bhin scattered or hroksnied s of stv tus, strato-
~aymulus, altostratus ~ altocwnulus. Individual layers are
rarely more than 2000 feet thick. The normal forecast ls for
11-ht rime leins sbove the freezins level., In well over 50
per cont of such cases there 1s no visible lcing at all.

b. On fall an:! vinter mornings with o without snow
cover vatches or layers of persistent foxy or s tratus form as
the result of nizhttime radiatlon throuzh clear air, Under
freezinsg temoerasures siuch a situatlon is not nroductive of
tein~. It 1s the wrlter's bellef that isolated reports d
bake-off difficulties in such weather ave explained by inade-
quate measures for prevention and removal of frost, which
Corms durinz e nl:zht on winzs and other exnosed gurfaces.

1t must be noted that many lmportant cloud and synoptic
sttuations have certainly been ~mitted from the above. The
forecasters are referred to the ;;oneral remarks made in the
first four varsgranhs. The primary sources of icing danger are
pctlve convectlon and extensive nreas of freezing raln.

To conclude, the s.cdesful icing forecaster 1s the man
o can tell a nilox =ith aqual confldence where lcing 1s and
where it is not » hazard,

Notes:

1. BEege: B-26 alrcraft f1lvine e t much lower alrspeeds
have often encountered modernte or severe lcing in clouds
«mere P=-51 nllots renorted only liesht rime. By expansion on
qaterial in Alr ¥inilstry Meteorolosical Office IM.OM. 393,
I'otes for the Guldance of Forecastors ...... Ige Accretion on
Alveralrt, and anoroximats formula for the rate of Tce accretion
Tst

1. A. © KvEr xllsoo - & ]
, L 030
where v is the true airspeed, B the quantity of liquid water
tn untt volwrne of nir, r t ¢ radius of water dronlets and t
the Uentileorade taem .erabure, all In c. 5.5, units. The consbant
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K denends principally on the tyne of airfoll and little 1s
known theoretlcally or experimentally; about 1ts values, Fron
qjualitutilve results, K 1s nmuch lower for the P-51 than for the
8"26l

¢, G.H. Richardson, An Introduction to Statistical Ana-
lysis,U3AFI, 1944 gives the followiny formula for the stan-
dard deviation from the mean of probabllitlies, assuming a
noint binomial curve 1s applled to the nrobabilitles from
a large numb-r of serles of n obzervatlons each:

o = /nnq

where n 1s the number of observations in each sample, and P
and q are the respective probabilitles that the event w11l or
wlll not occur. For out observatlon gerles here: n 1340

n  207/1340, q  1033/1340;

- 1.540x307x1033 — 15.4
g - 1540x1.540 -

! 0745 10.4

The nrobable error E 10.4 cases of icing. The vercentage pro-
bable deviation from the sssumed mean of 307 1s therefore E/I
10,4/507 5045,

3. Alr Minlstry Meteorolosical Offilce M.OM. 393 and other
texts staute that ice accretion 1is nroportional to the true alr-
sneed (see formula in footnote 1.). P-51's slying at cruilsing
speeds of 290 to 310 mph did not gather ice In large enough
m antitles to offer any proof of thls contentlon. Comparislons
of P-51, B-26 and A-26 icing hint that the icing may be much
more influenced by the character of the ailrfoll above 200 mph.

i, George F., Taylor, Aefonautical Meteorology: New York,
1942, states:

",,.severe icing in alr of continental extraction 1s very
rare. . o «Any unstable layers in an air mass of recent mari-
time extraction associsted with temneratures below the freez-
ing nolnt is sufflclent indication for moderate or severe
feing conditions."

5, Nearly all the radiosonde instruments were Frlez
or “ashlngton Institute of Technology variable audio-fre-
enc: type, with plastic temerature and chemical relative
hunidity elements.

6. Alr Minlstry Meteorological Officer M.ON. 393 states:

"At temperatures below 150 F, serious ice accretion is
mainly limited t> convectlonal clouds."

In contrast, Taylor, op. clt, warns:

"It has frequenﬁfﬁ baen states th ' frime 1icinpg occurs at
very low temneratures and thot clear lcing is only found at
temperatures above about 20° ¥, This sasoantion is wholly un-

founded and crgss of severe clear [clns have many tTmes been
ranarted nt Temporaturcs well below 07 K.
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7. Don liclierl, Ice rormatlon in the gtmosnhere: Jour,
Aero. Scil., Ve 4, N. S, 1937

8. The German training manual Vereisung, D(Luft)1209:
Berlin, 1940, gives the following table of efféctive rise in
the freezing level due to dynamic heating:

Airspeed Increase in F. L.
200 lm/hr 150 m.
300 300
400 500
500 800
600 1200
700 1600
800 2100

The relationshio %s assumed to be of the theoretically cor-
rect form T = Kv<©, where T is the dynamlc temrerature in-
crease and v the alrsneed.
9. Alr Ministry Heteorological Office M,0.M. 393 states:
"I the Britlsh Isles true raln lce 1s very rare," "On
the European continent e.... raln ice 1s not so rare,"

HOLT ASHLEY
1lst Lt, AC,
Weather 0fficer
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